ABSTRACT: Over several decades, coral transplantation has been developed as a tool to rehabilitate damaged coral reef habitats. This investigation aimed to determine whether this form of intervention would result in a significant improvement in diversity and abundance of associated reef species. The experiment consisted of 4 treatments: undisturbed sites (which also served as sources of the transplants), degraded plots to which corals were transplanted, empty plots that received no transplants, and control plots that were empty and situated at least 100 m away from the transplant and empty plots. The latter 3 treatments were replicated at 4 different sites. The establishment or movement of fish and invertebrates, as well as the abundance of algae, were recorded on a quarterly basis. Both non-metric multidimensional scaling and repeated measures ANOVA detected significant differences among treatments, with transplant plots having higher numbers and abundances of taxa than the empty plots and the empty controls. The 2 latter treatments did not differ significantly from each other. The source sites had higher abundances of coral recruits (Poritidae) than all the other treatments and of sea urchins (Diadematidae) than the empty plots and empty controls. The transplant plots harbored greater numbers of damselfish (Pomacentridae) and sea urchins than the empty plots and empty controls. Thus, coral transplantation resulted in higher diversity and greater abundance of fish and invertebrates and has the potential to help re-establish degraded reef communities.
INTRODUCTION
Coral reefs are significant shallow-water ecosystems in tropical regions of the world which are currently being degraded at alarming rates (Nyström et al. 2000 , Bruno & Selig 2007 . The transplantation of scleractinian corals is now widely regarded as a potentially useful tool for the restoration of damaged reef habitats (Rinkevich 2005 , Edwards & Gomez 2007 . However, habitat restoration can be considered successful only if the established community possesses structure and function similar to a naturally occurring one (Lockwood & Pimm 1999) . The corals contribute to the primary physical structure of the reef community (Pandolfi & Jackson 2006) . Coral cover on a typical reef is a mixture of live and dead colonies in varying proportions. The community they support is composed of a diverse range of species including other invertebrates, algae, microbes and fishes.
Corals are able to provide shelter and refuge areas (Sano et al. 1984 ) by virtue of their 3-dimensional relief. Habitat complexity is an important factor that contributes to the abundance, occurrence and persistence of marine organisms (Adams & Ebersole 2002) . The formation and stabilization of fish communities, for example, is sustained in part by this 3-dimensional relief (Öhman et al. 1997 , Connell & Kingsford 1998 , Öhman & Rajasuriya 1998 , Cabaitan et al. 2008 . Moreover, empirical evidence has established a link between 3-dimensional relief and the abundance and types of various coral reef organisms (Lindahl et al. 2001) . The density of certain fishes that reside among coral branches has been observed to decrease with reduction of the latter (Sano et al. 1984 , Syms & Jones 2000 . Roving herbivores and visiting fish (Sano 2001) are also associated with structural relief (e.g. the scarid fish Scarus iserti; Adams & Ebersole 2002) .
Although the structural attributes of corals influence reef community assembly, the importance of the living component of the coral (i.e. the animal tissue with the associated algal symbionts) should not be overlooked. Without the live component, the structure becomes susceptible to erosion from bioeroders and water turbulence (Lindahl et al. 2001) . Furthermore, corals provide a more suitable substrate when compared with non-living, artificial marine habitats . For many organisms there is a preference for settling on living corals (Booth & Beretta 2002) instead of on non-living substrates. Thus, there are significant differences in the community structure and composition that develop around living corals compared with dead colonies. In addition, living coral will continue to deposit calcium carbonate over time, thus ensuring the growth of the physical structure supporting the reef community in the long term.
The focus of coral transplantation experiments to date has mostly been on the responses of transplanted coral colonies themselves to their new environments (e.g. Yap et al. 1998 , Yap & Molina 2003 . Neighboring and associated organisms have received minimal attention. Changes in the community assemblage after transplantation have been studied in other marine systems such as algal habitats (Carr 1989 , Levin & Hay 2002 and boulder fields (Chapman 2002) . In coral reefs, studies on the effects of transplantation on coralassociated species have dealt largely with fish assemblages , Lindahl et al. 2001 , Cabaitan et al. 2008 .
This study focuses on short-term community changes within localized patches in a reef environment after the introduction of coral transplants. The aims of this study are to: (1) document changes in richness and abundance of various reef taxa after coral transplantation over different temporal and spatial scales; and (2) compare patterns between sites with and without coral transplants.
MATERIALS AND METHODS
Location and experimental design. Study sites were established in 4 shallow reef flat areas around Lipata Island located in Tayabas Bay, southeastern Luzon, the Philippines (Fig. 1) . These sites have a depth range of 1.5 to 3 m and are characterised by barren rocky substrates interspersed with patches of sand and rubble. Two sites are located on the southwestern side of the island while the remaining 2 are found on the eastern side. The observable difference between the 2 sides of the island is the relative exposure of the eastern side of the island to wind and waves, bringing about greater water turbulence and a higher suspended sediment load throughout the year. Each site contained 3 experimental treatments with 6 replicates each: transplant plots (TP), empty plots (E) and empty controls (EC). Each replicate was 1 m 2 in area. On the basis of visual assessment, plots in all 3 treatments within a site were structurally similar to each other at the start of the experiment with very low live coral cover (<10%). In the TP treatment, 3 coral species were transplanted to each 1 m 2 plot: Acropora palifera, a submassive species with thick branches (n = 2 per plot), Porites cylindrica, a branching species (n = 2), and Porites lobata, a massive form (n = 3). They were collected from a nearby reef (Fig. 1 ) described below. Colonies were carefully pried off the reef surface or other attached organisms with a hammer and chisel. Initial long diameters of the transplants were as follows: 5.3 to 19.3 cm for A. palifera, 11.4 to 30.1 cm for P. cylindrica, and 7.4 to 18.5 cm for P. lobata. The transplants were put into water-filled plastic bins and transferred by boat to the transplant sites. Each transplant site contained 6 transplant plots 1 m 2 in area and spaced 2 to 10 m apart.
The transplants were attached to bare rock surfaces by means of cement. Exceptions were Sites 1 and 2, where half of the plots were covered instead with green plastic screens to which the transplants were Inset shows location of Lipata Island tied. The survival and growth of the coral transplants are the subjects of a separate study. The transplantation of whole colonies is generally discouraged, except in extreme situations such as the need to relocate entire reef patches or communities. E plots were interspersed among the TP plots. The EC plots were situated at least 100 m away from the first 2 treatments to minimize interaction of organisms between the E and EC treatments. Thus, the spatial scale examined ranged from a single square meter to tens and then hundreds of square meters.
Sites 1 (southwest) and 2 (east) were established in April 2000 and October 2000, respectively. Sites 3 and 4 were set up in April 2001 and November 2001, respectively. Undisturbed plots (n = 6) constituted a 4th treatment. They also measured 1 m 2 each in area and were located on a forereef slope in the southwest part of Lipata Island. These are labeled source sites (SS). The purpose of the SS treatments was to determine whether the experimental plots containing coral transplants (TP) would differ significantly from intact reef areas in terms of establishment or movement of species. The SS were situated within large patches of the 3 species used for the experiment and from which the transplants were derived. Depths along the slope varied from 4 to 9 m. Distances between plots ranged from 2 to 10 m.
Field observations. The appearance of algae, invertebrates and fish at the experimental and control sites was monitored by visual census of all plots during quarterly field visits. Underwater, the observers approached the plots with unobtrusive and slow movements so as to cause minimal disturbance to the organisms within the plots. The number and length of fast moving organisms (i.e. fish) were estimated from a distance. Grazing schools of fish (e.g. plotosids) were excluded from the observations as these contributed to the occurrence of outliers in the data. Recording of the slower moving (e.g. sea urchins) and/or sessile (e.g. boring clams) organisms was done at a closer distance. Algae, cyanobacteria, sea grasses and sponges were quantified in terms of percentage cover while other organisms were recorded as numbers. Corals were counted when they appeared as new recruits. Recruits were defined as small colonies visible to the naked eye. The coral transplants were not included in the census of organisms.
Of the biota in the treatment plots at the 4 sites, fish were grouped into families, while benthic organisms were classified into 31 coarse taxonomic groups (e.g. scleractinians, rhodophytes, bivalves, echinoids) ( Table 1) . Monitoring was conducted from January 2001 to July 2002 at 3 mo or quarterly intervals: 7 intervals for Sites 1 and 2, 5 intervals for Site 3, and 4 intervals for Site 4.
Statistical analyses.
To test for possible changes in microhabitat diversity due to the introduction of coral transplants, non-metric multidimensional scaling (nMDS) using the Bray-Curtis similarity index was employed (Clarke 1993 , Clarke & Gorley 2001 . Data were arranged with the total number of taxa per treatment plotted across time. They were square-root transformed to minimize bias due to highly abundant species. One-way analysis of similarities (ANOSIM, Clarke 1993 , Clarke & Gorley 2001 ) was used to test for significant differences among treatments and over time. This was followed by a test of similarities in percentages (SIMPER, Clarke 1993 , Clarke & Gorley 2001 to determine which groups of organisms contributed most to the similarity within treatments as well as to the differences among treatments.
As an additional test to confirm whether the differences among treatments and over time were significant, both fish and benthic diversity data sets were subjected to repeated measures ANOVA (Potvin et al. 1990 ). This was the appropriate statistical test for the diversity data since the study involved repeated visits to, and monitoring of, the same plots over time. Only fish and invertebrates were used for this analysis because abundance as count data was determined only for these groups. The abundance of algae, on the other hand, was assessed in terms of percentage cover, which is not directly comparable with abundance in terms of numbers.
Three monitoring months were included in these analyses since these were the only times when data for all plots were complete, namely January, April and July in 2002. Because of an unbalanced data set, the SS plots were excluded from the analyses. For the other sites, the quarterly surveys covered by the analyses were the last 3 shown in Figs. 2 & 3.
RESULTS

General trends in fish and invertebrate composition
General trends over time in the total number of fish and invertebrate taxa are shown in Figs. 2 & 3, respectively. Fish taxa were resolved to family level (Table 1) , while invertebrate taxa were recorded as in Table 1 .
Similarities in the total number of fish taxa existed between SS and TP plots (Fig. 2) . The maximum number of taxa across all sites for both treatments ranged from 6 to 8. Similarities were likewise apparent between EC and E plots.
Similar trends as described for fish were apparent in the numbers of invertebrate taxa (Fig. 3) , with SS and TP having relatively higher values than EC and E plots. 
Results of multivariate analyses
Data on taxonomic composition and abundance of fish, invertebrates and algae (see Table 1 ) were combined for the nMDS analysis in Fig. 4 . ANOSIM revealed an overall significant difference (p < 0.05). Pairwise analyses indicated significant differences among treatments except between the EC and E plots. An additional test for significant differences among treatments and over time, in the form of repeated measures ANOVA, was performed for the last 3 quarterly surveys at all sites (except the source sites). Details are given in the text Diversity at the transplant plots and source sites differed significantly from the EC and E plots. Diversity was also significantly different between the TP and SS treatments. For the comparison over time, abundance data for all taxonomic groups in all plots per treatment were used. The data collected right after transplantation were compared with those collected at the end of the experiment. Significant differences between these 2 times were detected only for the transplant plots (Fig. 5 , ANOSIM: p < 0.05). No significant differences over time were detected for the other treatments (SS, E and EC).
Tests using SIMPER revealed that the group occurring consistently within plots in the SS treatment was the Diadematidae (long-spined black sea urchin), contributing 19.3% of the similarity. For the TP, it was the Pomacentridae (damselfish, 15.8%) and the Diadematidae (14.7%). For the E plots, the groups contributing most to the similarity within the treatment were the Faviidae (20.9%) and the Poritidae (18.9%), both being families of hard corals. The same groups accounted for the similarity within the EC plots, i.e. Poritidae (20.9%) and Faviidae (17.6%).
SS plots differed consistently from the other treatments concerning the Poritidae, which contributed 8.2% of the difference when compared with the TP plots, 9.2% with the E plots, and 9% with the EC plots. As emphasized in the 'Materials and methods' section, only new recruits of this family of coral were counted. They were more numerous in the SS treatment than in the others (mean abundances were 10.39 for SS, 0.62 for TP, 0.88 for E and 0.51 for EC). In addition, the presence of higher numbers of sea urchins of the family Diadematidae also distinguished the SS plots from the E and EC plots (7% and 7.3%, respectively). Mean abundances were 6.33 for SS, 1.2 for E and 1.1 for EC. Comparing the TP with the E and EC treatments, the group accounting for the greatest difference was the Pomacentridae, with differences of 6.8% (E) and 7.9% (EC). The TP plots had greater abundances of damselfish (mean abundance was 2.05, compared with 0.25 for E and 0.07 for EC). In addition, TP plots also harbored higher numbers of Diadematidae compared with the E plots (contributing 6.2% of the difference) and the EC plots (6.7%). Mean abundances were 2.8 for TP, 1.2 for E and 1.1 for EC.
Results of repeated measures ANOVA
Fish
Results of repeated measures ANOVA (Table 2) showed that the data set satisfied the assumption of compound symmetry (Mauchly's sphericity criterion W = 0.970, p > 0.05); thus, there was no need to proceed with the analysis under relaxed assumptions (i.e. using Greenhouse-Geisser-and Huynh-Feldtcorrected ANOVAR). The analysis revealed a marginally significant among-site difference (p = 0.045) and a highly significant among-treatment difference (p < 0.001). Fish diversity in TP plots was significantly different from EC and E plots. The effect of the interaction of Site and Treatment as well as the within-subject factors on fish diversity was not significant. Post-hoc comparisons using Helmert contrasts showed no significant differences over time. Tukey's Honestly Significant Difference (HSD) test revealed that Site 1 (western side) was significantly more diverse than Site 2 (southeastern side), but neither was different from Sites 3 and 4. The multiple comparisons test also confirmed that fish diversity in the TP treatment was significantly higher than in the EC and E treatments. 
Benthic invertebrates
Mauchly's criterion for the benthic diversity data (W = 0.977, p = 0.496, Table 2 ) indicated acceptance of the compound symmetry assumption. For this data set, only the treatment factor showed a significant difference. Using Tukey's HSD test, as with the fish diversity data, the TP plots were shown to have a significantly higher taxonomic diversity than both the EC and the E plots (p < 0.001). No significant interaction effects or within-subject effects were detected. Helmert contrasts revealed no significant differences over time.
DISCUSSION
Higher numbers of taxa and greater abundances of organisms (particularly fish and invertebrates) were observed over time in the plots that contained transplanted live corals compared with those without. This suggests that the introduction of additional adult coral colonies enhanced the occurrence of these organisms.
Overall survivorship of the coral transplants by the end of the experiment was 94% for Acropora palifera, 85% for Porites lobata, and 83% for P. cylindrica. Hence, a significant amount of live tissue cover was maintained throughout. Had substantial mortality occurred, the dead corals would have been covered by a variety of algae, mostly turf and filamentous forms (Yap & Molina 2003 , Yap 2004 ). These would then have attracted a different suite of organisms from those observed in this study (Lindahl et al. 2001) .
The level of diversity in the transplant plots did not attain that observed in the source sites for the duration of this experiment, though the initial trends are encouraging. The difference in depth between the source and the degraded sites that received the other treatments is to be taken into consideration as well. This was inevitable because the degraded portions, located in the shallower reef flat areas, are normally subjected to a lot of human disturbance compared with the deeper zones where healthier coral cover is normally found (H.T. Yap pers. obs. in various reefs).
The lack of statistically significant differences between the EC and the E plots in terms of diversity is important. The E plots were interspersed among the TP plots, while the EC were situated at least 100 m away. The results indicate that no significant exchange of organisms occurred between the E and TP plots despite their proximity (on the order of a few meters). The differences in species numbers between the 2 treatments despite spatial similarities, plus the absence of a statistical difference between EC and E plots, represents evidence that the apparent enhancement of diversity was, indeed, due to the additional presence of coral transplants in the TP plots. This is further reinforced by the significant changes in diversity detected in the TP plots by the nMDS analysis between the start and the end of the experiment. However, repeated measures ANOVA did not detect significant differences from one interval to the next for the 3 specific months examined.
The movement of organisms into the transplant plots presumably included settlement of larvae and juveniles, as well as adult immigration. Organisms of any size were observed to occur in all plots, with or without transplants (excluding the coral transplants themselves). Obviously, larval recruitment could be documented once individuals attained a visible size. The addition of species documented here includes not only the long-term process whereby individuals are established and remain as part of the community (recruitment), but also the transient process where organisms enter the plots, but leave after a period of time as part of their sporadic or migratory movements. When transplant plots were compared with empty plots and empty controls, the largest differences were due to greater numbers in the former of damselfish (Pomacentridae) and sea urchins (Diadematidae). Thus, the introduction of additional live coral colonies helped to increase abundances of these organisms among others. Fish depend on corals as a source of refuge and food (Sano et al. 1987 , Bouchon-Navarro 1986 as cited in Lindahl et al. 2001 ). An increase in coral cover leads to an increased number of fish, not only for corallivores but also for herbivores and omnivores (Sano 2000 , Cabaitan et al. 2008 . The same probably holds true for sea urchins, with the additional structural complexity provided by living coral serving as an attractant, thereby explaining their relatively greater abundance in the source and transplant plots.
The sea urchin, Diadema, is an algal grazer (Steneck & Dethier 1994) . Its presence in the Caribbean and other similar regions is associated with the occurrence of relatively high coral abundance since its feeding behavior can lead to a decrease in algal cover, thereby helping to reduce potential competition of algae with coral recruits (Bellwood et al. 2004 , Mumby et al. 2007 . It may have the same effect in coral-dominated areas in the Philippines.
The source sites, being less impacted, still maintained higher levels of coral recruitment (family Poritidae) compared with the other treatments. As mentioned, they were also characterised by greater abundances of sea urchins. However, the groups contributing most to the similarity within the degraded plots without intervention (E and EC) were also coral recruits of the families Faviidae and Poritidae, respectively. This is an indication that recruitment of hard coral proceeds even in these sub-optimal environments, though at levels much lower than at the source sites (Coles & Brown 2007) .
The results of this manipulative experiment suggest that intervention using coral transplantation at the scales involved resulted in marked changes in community composition and abundance. Corals facilitate both processes of recruitment (Buchheim & Hixon 1992 as cited in Lindahl et al. 2001 ) and biomass production ) by providing space for settlement, growth and reproduction. In contrast, a decrease in coral cover (with a concomitant increase in dead substrate) can result in a decline in both benthic (Caley et al. 2001 ) and pelagic assemblages (Syms 1998 , Booth & Beretta 2002 .
While providing shelter, corals also set the stage for biological interactions such as competition and predation (Buchheim & Hixon 1992 as cited in Lindahl et al. 2001 , Adams & Ebersole 2002 . In a study by Connell and Kingsford (1998) , the number of predators was associated with the percentage of live coral cover. The number of predators along with predatory activity was lower when there was a drop in coral cover. It could, thus, be inferred from these results that there are more resources found in areas with corals compared to those with dead or bare substrates.
Some studies, however, have yielded different results. There are certain thresholds below which marine organisms are able to persist for a period of time (Syms & Jones 2000) despite the changes in the reef habitat. For example, a study by Spalding & Jarvis (2002) indicated that, with increased coral mortality, the number of corallivorous and coral-nesting fish species decreased, but invertebrate feeders increased. Furthermore, wrasses (family Labridae) were more inclined towards dead substrates (Fulton & Bellwood 2002) . Some fish species are not disadvantaged by a decrease in live coral cover, such as herbivores that benefit from enhanced algal growth on the dead corals (Lindahl et al. 2001) . Thus, the nature of the association of the reef community with the biogeologic structure of corals is significant, but may be divergent for different components of the community.
CONCLUSION
Coral transplantation in Padre Burgos, Quezon, in the Philippines enhanced the process of community establishment, and hence the increase in local diversity at the scales used (Connell & Kingsford 1998 , Carr et al. 2002 . This was achieved primarily by the provision of structural complexity and live coral cover at the scale of the microhabitat. When compared with dead substrates or barren areas, the coral transplants provided additional resources and shelter for different species.
Since reefs in the Philippines are part of the acknowledged center of shallow-water diversity of fish (Carpenter & Springer 2005) , results of this study are significant for reasons of environmental conservation and protection. Ecological processes in Philippine reefs should also be similar to those in other parts of the Indo-West Pacific region, and insights gained about these dynamics are relevant to action concerning coral reef ecosystems worldwide.
